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Hardenability

We have seen the advantage of getting martensite, M.
We can temper it, getting TM with the best
combination of ductility and strength.

But the problem is this: getting M in depth, instead of
just on the surface. We want a steel where Pearlite
formation is relatively sluggish so we can get it to the
cooler regions where M formes.

The ability to get M in depth for low cooling rates is
called hardenability.

Plain carbon steels have poor hardenability.



Factors Which Improve Hardenability

1. Austenitic Grain size. The Pearlite will have -«
an easier time forming if there is a lot of g.b.

area. Hence, having a large austenitic grain
TTT diagram

of a size improves hardenability.
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Jominy Test for Hardenability

Hardenability not the same as hardness!
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The Result is Presented in a Curve
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Alloying and Hardenability

Cooling rate at 700°C (1300°F)
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Carbon and Hardenability

Hardness, HRC

Cooling rate at 700°C (1300°F)
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Hardness and Hardenability

Predict the center hardness in a water quenched 3” bar of 8640

Cooling rate at 700°C (1300°F) Cooling rate at 700°C (1300°F)

Equivalent distance from quenched end

(a)

Water Quenched

Equivalent distance from quenched end
(b)

01l Quenched
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Alloying and Hardenability

Cooling rate at 700°C (1300°F)
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Depth of Hardening
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(6-2)J-
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Du, inch = 0.63 1.72 2.54 5.38
D. inch=2.10 2.67 3.33 6.00

H.
Du/D = 0.30 0.644 0.763 0.897

Now Follow Steps:

< A transparent paper is taken and put on Fig.(6-21).

< X and Y axes are drawn.

= DwD are plotted against D on it.

< The paper is moved. The curve is matched with curves in|
Fig.(6-21). It matches well with the curve that which cut the
x-axis of this curve . where DH=3.

< Now. when D=3.33, and Duw/D=0.763 (draw a vertical line
from this point), DH=S5, thus :
DH

5
H = = = 1.50
D 3.33
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2 Wl Tdeal Critical Diameter (D) — JGdl zall Hladll 408 aas
CH=1.5 058 Laxie (6-2)JU)
J=di
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© The match curve of Fig.6-21 has a value of DcxH=3 when]

Du/D=0 , thus, D, = Dl _ 3 _ 2 inch.
H 1.5

Now, take help of Fig. 6-24, to get D; ., when H=1.5,
D=2.65 inch.

® The curve drawn on transparent paper is extrapolated to x-
axis, when Du/D of this curve =0, then the value at x-axis 1
D=2 inch, Now use Fig.6-24, to get D; for D¢ =2 inch an
H=1.5. D=2.65 inch.
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IGiven Dy for 50%Martensite . Use above Fig. for 2.5 inch on x axis

| draw a vertical line to cut the curve for 95%Martensite, and then
from that point , draw a horizontal line to cut y-axis .

The value 1s 1.77 inch.
Thus , Dy (95%Martensite )= 1.77 inch .




Hardeness HRC AL al) A L_')’ei)ls.“ é}:\a—o A3 (6_4)\_]}3_;_“

Carbon Maxivon Carbon Maximum

- % Hardness, HRC we. % Hardness, HRC
010 38 0.36 54
0.11 39 0.37 55
0.12 40 038 55
0.13 40 039 55
0.14 1 0.40 56
0.15 41 ' 0.41 57
0.16 42 0.42 57
0.17 £ 0.43 S8
0.8 43 | 0.44 58
0.19 o4 | 0.45 s8
0.20 44 0.46 59
0.21 45 0.47 59
0.22 45 0.48 59
0.23 6 0.49 &0

.24 ; 46 0.50 60
0.25 47 051 &
0.26 48 0.52 61
027 49 0.53 p
0.28 29 0.54 5
029 50 0.55 61
0.31 51 0.57 <
032 31 0.58 62
033 52 0.59 62
0.34 53 0.60 &
035 53




Grossman Muluplication Factors Ole (05 S s 5 =) (1l e (6-6)d =0

. Carbon-Grain Size ‘ _ ) ‘

Percent £ = = T Mn Si | Ni Cr Mo
0.05 0.0814 0.0750 0.0697 1.167 1.035 1.018 1.1080 115
0.10 0.1153 0.1060 0.0995 1333 1.070 1.036 1.2160 130
0.15 0.1413 0.1315 01212 .| 1500 1105 1.055 1340 | 145
020 0.1623 0.1509 0.1400 1.667 1.140 1.073 1.4320 1.60
025 0.1820 0.1678 0.1560 1833 1175 1.091 1.54 1.75
030 0.1991 0.1849 0.1700 2.000 1210 1.109 1.6480 150
0.35 0.2154 0.2000 0.1842 2.167 1.245 1.128 1.7560 205
0.40 0.2300 0.2130 0.1976 2333 1.280 1.146 1.8640 220
045 0.2440 0.2259 0.2090 2500 1315 1.164 1.9720 235
0.50 0.2580 0.2380 0.2200 2667 1.350 1.182 20800 250
055 0.273 - 0.251 0.231 2833 1.385 1201 2 1880 265
0.60 0.284 0.262 0.241 3.000 1.420 1.219 22960 280
0.65 0.295 0.273 0251 | 3167 1455 1.237 24040 295
Q70 0306 0.283 0.260 3333 1.490 1.255 25120 3.10
07s 0316 0.293 0.270 1500 1.525 1273 2.62 3.25
0.80 0326 0.303 0.278 1647 1.560 1.291 27230 340
0.85 0.336 0312 0287 1833 1.595 1.309 2.8360 355
0.50 0.346 0.321 0.296 4.000 1.630 1.321 29440 370
0.95 4167 1665 1345 3.0520 3.55
100 4333 1.700 1364 3.1600 3.70




Dy = Dye X faen X for X fae X oo (6 —6)
Dy = Dy % 2.21(%Mn) x 1.4(%Si) x 2.13(%Cr)
x 3.275(%Mo) x 1.47(%NIi)
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Davrator of bat (cm) ==

a) For 12.5 mm on x-axis , draw a vertical line to intersect curve
for H =« . and from there. draw a horizontal line to intersect
at yv-axis (75 mm) D;y=75 mm

b) For D=75 mm . draw a horizontal line to intersect curve for
H = and from this intersection point . draw a vertical line

to intersect curve for 7 — 1. and draw a horizontal line to
intersect y-axis to get Dc(in H=1)=50 mm.
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(6-8)J\d
AUl 3Y sall Moser-Legat 5 Grossman de! ¢ (e Dy 48 Cuea|

ASTM  grain  size  No.6:C=035,  Si=0.3 Mn=0.7%,
Cr=1.4% Ni=1.4%_ Mo=02%

Ja=ti

1. Grossman factors

Dy = 0.22

D;,=022x12x33x40x15x 1.6 =8.4inch
1. Mosser-Legat factors

D, = 8.0 inch




(6-9)J4
Sl 3Y gl Grossman dal e plasiuds (Dy dast )uloall 4LE Cusal

ASTM grain size  No.7:C=0.35, S1=0.35,Mn=1%,
Cr=0.5%,N1=0.7%, Mo=0.1%

N
(6-6)J 52 plasil

DIC — 02
fun = 4333 f5; = 1.245,= 1.255, f,, = 2.080, fy, = 1.30
D; =0.2x4333 x 1.245 x 1.255 X 2.08 x 1.3 = 3.66 inch




